Chromosome 2 open reading frame 40 (C2ORF40) plays a significant role in numerous processes, including cell differentiation, senescence, apoptosis, inflammation and neuroendocrine hormone regulation. Moreover, C2ORF40 is a candidate tumor suppressor gene in a variety of tumors, and is closely associated with prognosis. Bioinformatics analysis has indicated that pro-C2ORF40 is a secreted protein with a signal peptide. Secreted C2ORF40 protein (sC2ORF40) exists in cancer cell medium. However, thus far, the exact biological function of sC2ORF40 in carcinogenesis has not been thoroughly researched. In the present study, the signal peptide sequence of the C2ORF40 complementary DNA was initially cut off to produce secreted recombinant human C2ORF40 protein (rhC2ORF40). The soluble rhC2ORF40 was expressed, purified and examined for tumor-suppressing function for the first time. The results revealed that the soluble purified rhC2ORF40 protein was concentrated with a purity of >95%. Furthermore, the rhC2ORF40 inhibited esophageal cancer cell proliferation in vitro (P<0.05) and caused cell cycle G 1 phase block, as determined by flow cytometric analysis (P<0.05). Overall, the soluble rhC2ORF40 protein with high purity and biological activity was obtained, which suppressed esophageal cancer cells proliferation by inducing cell cycle G 1 phase block in vitro. Therefore, the soluble rhC2ORF40 protein could be potential biological therapy drug for esophageal carcinoma.
Introduction
Esophageal carcinoma ranks in the forefront of cancers in terms of incidence and mortality rate in males and females in developing countries (1) . Moreover, almost 50% of the world's cases of esophageal cancer occur in China. As the most common histological subtype, esophageal squamous cell carcinoma (ESCC) accounts for around 90% of all esophageal cancers that are diagnosed in China each year. To date, the molecular pathogenesis of ESCC remains unclear. The current focus of biological studies is the transition from novel gene cloning to the characterization of protein product function (2) . As a result, a considerable research effort has been directed at novel specific esophageal cancer-associated proteins in order to identify their functions and identify the relevant molecular mechanisms for carcinogenesis in ESCC.
Human chromosome 2 open reading frame 40 (C2ORF40; also known as ECRG4) has been shown to be expressed in a variety of tissues, including the heart, placenta, brains, lungs, skeletal muscle, liver, kidneys and pancreas (3) . Recent studies showed that C2ORF40 was important in a number of processes, including cell differentiation, senescence, apoptosis, inflammation and neuroendocrine hormone regulation (4-6). Moreover, a variety of studies revealed that C2ORF40 was a candidate tumor suppressor gene that is associated with prognosis in multi-tumors (7) (8) (9) . C2ORF40 was an independent prognostic factor for ESCC, and low C2ORF40 expression in ESCC patients was associated with a poor prognosis (9, 10) . Our previous results demonstrated that C2ORF40 was highly expressed in the adult esophageal epithelia, but that it was downregulated in ESCC tissues and cell lines (9) . Furthermore, C2ORF40 transfection inhibited cancer cell growth and invasion (9, (11) (12) (13) and subcloned into the pET30a(+) plasmid, producing an inducible expression vector, pET30a-C2ORF40, coding for His-tagged soluble rhC2ORF40 protein (without signal peptide). The primers were as follows: Forward, 5'-TCGGATCCATAAGTGGAAATAACTC-3'; and reverse, 5'-TCAAGCTTTTAGTAGTCATCGTAGTT-3'. Thermal cycles were as follows: 95˚C for 5 min, then 35 cycles at 95˚C for 30 sec, 55˚C for 30 sec and 72˚C for 45 sec, followed by extension at 72˚C for 7 min. The polymerase chain reaction (PCR) product was digested by BamHI and HindIII. Subsequently, the recombinant plasmids were transformed into Escherichia coli BL21 (DE3) cells to produce N-terminal His-tagged soluble rhC2ORF40 protein. Recombinant rhC2ORF40 protein expression in Escherichia coli BL21 cells was induced with 0.3 mM isopropyl β-D-1-thiogalactopyranoside and detected by SDS-PAGE and western blotting. Next, the rhC2ORF40 protein was purified and renatured by affinity chromatography with nickel-nitrilotriacetic acid resin (Novagen, Merck Millipore, Darmstadt, Germany) according to the manufacturer's instructions. The purified recombinant rhC2ORF40 protein was dialyzed in phosphate-buffered saline [PBS; 0.1M sodium phosphate and 0.15M sodium chloride (pH 7.4)] to remove the denaturant. The recombinant soluble rhC2ORF40 protein was used for functional experiments.
Cell proliferation assay. The human esophageal squamous EC9706 cell line was studied. The EC9706 cells were seeded into 96-well plates (1.5x10 3 cells/well). Different concentrations of rhC2ORF40 protein (1.5, 3.0, 4.5, 6.0, 7.5, 9.0 and 10.5 µg/ml) were added to each well and cultured for 48h, and cell proliferation inhibition was evaluated by thiazolyl blue tetrazolium bromide (MTT) assay, according to the manufacturer's instructions (Sigma-Aldrich, St. Louis, MO, USA). In brief, 10 µl MTT solution (5 mg/ml) was added to each well, then the cells were cultured for another 4 h at 37˚C, and 100 µl DMSO was added to each well and mix vigorously to solubilize colored crystals produced within the living cells. The absorbance at 570 nm was measured by using a multi-well scanning spectrophotometer (Victor 3; PerkinElmer, Waltham, MA, USA). Cell growth curves for treatment with 10 µg/ml rhC2ORF40 protein or PBS for various durations (1, 2, 3, 4 and 5 days) were also plotted by MTT assay. The mean values for statistical analysis represented the mean of three independent experiments.
Flow cytometric analysis of the cell cycle. The EC9706 cells were seeded at a density of 10 6 cells/100-mm dish in RPMI-1640 medium with 10% FBS and treated with 10 µg/ml rhC2ORF40 or PBS for 48 h. Next, the cells were washed with ice-cold PBS, harvested and fixed in 70% ethanol for 30 min. The cells were treated with RNase A and stained with 25 µg/ml propidium iodide. Samples were analyzed using a FACScan flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA), according to the manufacturer's instructions. Experiments were performed three times in triplicate.
Statistical analysis. All statistical analyses were performed with the SPSS statistical program (version 16.0; SPSS, Inc., Chicago, IL, USA). Statistical significance was determined using Student's t-test and an analysis of variance. P<0.05 was considered to indicate a statistically significant difference.
Results

C2ORF40 protein is a secreted protein.
C2ORF40 protein is a secreted protein with a signal peptide upon Swiss-Prot Protein Sequence Database Bioinformatics analysis (http://web.expasy.org/docs/swiss-prot_guideline.html). It was discovered that the sC2ORF40 protein existed in EC9706 cancer cell medium transfected with C2ORF40 plasmid compared with the control group, as determined by western blot analysis (data not shown). Therefore, C2ORF40 protein could be secreted into the extracelluar environment to function biologically.
Production of purified rhC2ORF40 protein.
In the present study, the signal peptide sequence of the C2ORF40 cDNA was cut off to produce secreted rhC2ORF40 protein. The constructed plasmid, pET30a-C2ORF40, was identified by PCR restrictive enzyme digestion (Fig. 1A) and DNA sequencing (data not shown). Next, recombinant BL21 strains that expressed rhC2ORF40 protein were obtained (Fig. 1B) . The rhC2ORF40 protein was specifically recognized by the anti-His and anti-C2ORF40 antibodies (Fig. 1C) . The rhC2ORF40 protein was purified, with a purity of >95% (Fig. 1D) . rhC2ORF40 inhibits tumor cell proliferation. The purified rhC2ORF40 protein was produced to test its biological tumor-suppressing activity in ESCC. MTT assay showed that rhC2ORF40 protein markedly inhibited EC9706 cell proliferation with high potency in a dose-dependent manner (Fig. 2A) . The half maximal inhibitory concentration (IC 50 ) of the rhC2ORF40 protein was ~10 µg/ml, and the growth curves demonstrated that the EC9706 cells treated with 10µg/ml rhC2ORF40 grew more slowly than those in the PBS control group (P<0.05), as shown by MTT assay (Fig. 2B ).
rhC2ORF40 blocks cell cycle progression. Cell cycle analysis was performed by flow cytometry, and the result suggested that rhC2ORF40 could arrest the ESCC cells at the G 1 /S checkpoint and delay the transition of the cell cycle into the S phase (Table I) , which was consistent with our previous C2ORF40 gene transfection result (4) . Consequently, rhC2ORF40 protein slowed down cell cycle progression, and caused cell cycle G 1 phase block.
Discussion
ESCC is a highly invasive and clinically challenging cancer. Although advances have been made towards a clinically comprehensive treatment, the prognosis of ESCC remains poor due to its diffuse and invasive nature (1). Novel Table I . rhC2ORF40 causes cell cycle G 1 phase block. 
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biological therapy drugs with high antitumor efficacy are being constantly sought to improve the survival of patients with ESCC. In the present study, it was observed that rhC2ORF40 protein inhibited tumor cell growth by inducing cell cycle G 1 phase block in vitro, which was consistent with the results of our previous C2ORF40 gene transfection study in ESCC (9, 11, 14) . Therefore, the soluble rhC2ORF40 protein with high purity and biological activity was obtained. In vivo functional experiments require further study to prove that the soluble rhC2ORF40 protein could be a candidate biological therapy drug for esophageal carcinoma.
Transformed cells acquire a series of additional malignant traits during ESCC development and progression. Among them, the alteration to the cell cycle plays a major role in carcinogenesis. Tumorigenesis can be a consequence of an imbalance in cell cycle regulation. Moreover, it has been demonstrated that numerous oncogenes and tumor suppressor genes are directly involved in the regulation of cell cycle events. Of these, the p21 and p16 genes, which are critical cyclin-dependent kinase inhibitors, were believed to hold functional relevance with regard to the regulation of the cell cycle G 1 phase. Our previous study result demonstrated that C2ORF40 transfection induced upregulation of p21 expression in ESCC cells (11, 14) . However, there was no significant upregulation of p16 expression level in the ESCC cells (data not shown). Therefore, the increased expression of p21, but not p16, was likely to be responsible for the cell cycle G 1 phase block induced by C2ORF40 in ESCC (11, 14) .
Transmembrane protease serine 11A (TMPRSS11A; also known as ECRG1) is a novel candidate tumor suppressor gene that has been shown to be important in the control of gene expression for those genes involved in cell cycle G 1 phase arrest in ESCC. In pervious studies, TMPRSS11A gene overexpression inhibited tumor cell growth in vitro and in vivo (15) , and induced cell cycle G 1 phase arrest and cell senescence (16) in ESCC. As C2ORF40 is a putative pro-hormone protein (also known as augurin) (17, 18) , it may be a good candidate substrate for the transmembrane serine protease TMPRSS11A in ESCC. We previously found that C2ORF40 could directly bind to TMPRSS11A in ESCC cells, as determined by binding affinity assay and co-immunoprecipitation experiments (14) . C2ORF40 was able to cause cell cycle G 1 phase block by interaction with TMPRSS11A in ESCC (14) . However, the detailed molecular mechanism remains to be clarified.
In the present study, the soluble rhC2ORF40 protein with high purity and biological activity was obtained, which suppressed tumor cell growth by inducing cell cycle G 1 phase block in vitro in ESCC. These results indicate that soluble rhC2ORF40 protein could be a potential biological therapeutic drug for ESCC.
